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0 Clipping process and processor. 



0 A clipping processor clips a two-dimensional 
subject figure against a clip region by first scan- 
converting the clip region and storing it as endpoint 
data of clip segments, then scan-converting the sub- 
ject figure, clipping the subject segments a scan line 
at a time against each of the clip segments on that 
scan line, and converting the clipped segments to 
pixel data. The clipping process is thus efficiently 
combined with the standard processes of scan con- 
version and pixel generation, producing clipped data 
2 that are ready for raster output The clipping process 
^is moreover performable by simple, rapid DDA al- 
(Ogorithms, even when the clip region is bounded by 
high-order curves such as Bezier curves and spline 
curves, and can easily be implemented in high- 
-speed, dedicated hardware. 
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CLIPPING PROCESS AND PROCESSOR 



BACKGROUND OF THE INVENTION 

This invention relates to a clipping process for 
clipping a two-dimensional subject figure such as a 
graphic primitive or image against a clip region 
bounded by a clip boundary of arbitrary shape, and 
to a clipping processor for executing this process. 

Clipping is the process of modifying a subject 
figure by retaining the part disposed inside a given 
clip boundary and removing the part disposed out- 
side the clip boundary. The subject figure may be 
a graphic image or a primitive element thereof, 
such as a line, polygon, circle, or bit-mapped char- 
acter. Clipping is extensively employed in com- 
puter graphics and image processing, in computer 
operating systems that display windows, and in 
printers such as laser printers. 

The prior art in this field is described in Fun- 
damentals of interactive Computer Graphics by J. 
D. Foley and A. van Dam, published by the Ad- 
dison Wesley Publishing Company in 1984. Two 
clipping algorithms are disclosed therein, one due 
to Sutherland and Hodgman and another due to 
Weiler and Atherton, both of which clip a subject 
polygon described by a vertex list against a poly- 
gonal clip boundary. Both algorithms trace around 
the border of the subject polygon to find its inter- 
sections with the clip boundary and construct a 
new vortex list comprising the intersections thus 
found, plus such vertices of the subject polygon or 
clip boundary as may be necessary. The clipped 
subject polygon is then converted from this new 
vertex list to a form suitable for output by a raster 
output device such as a printer or cathode-ray tube 
(CRT) display. Specifically, the clipped polygon is 
converted to the device coordinate system, then 
filled with pixels and stored as a pixel map in a 
drawing memory such as a refresh buffer or frame 
buffer. 

One problem with the prior art is that the 
algorithms described above cannot be easily ex- 
tended to the case in which the boundary of the 
subject figure, or the clip boundary, or both, is a 
high-order curve such as the cubic Bezier curves 
and spline curves frequently employed in computer 
graphics. Finding the intersections in this case re- 
quires the solution of high-order algebraic equa- 
tions, a process which is difficult and time-consum- 
ing and not suitable for implementation in special- 
purpose hardware. 

Approximating such curves by polygons does 
not help, because to achieve a reasonably close 
approximation, the approximating polygon must 
have a large number of vertices. Since the above 
algorithms test each edge of the subject polygon 



against each edge of the clip boundary, and com- 
pute the coordinates of each point of intersection, 
they take much time to process a long vertex list. If 
the number of vertices is reduced to shorten the 

5 processing time 1 the approximation becomes crude 
and the quality of the output image suffers. 

Another problem with the prior art is its unsatis- 
factory performance in handling highly irregular 
polygonal clip boundaries. The source of this prob- 

io lem is again the inordinate time taken to process a 
long vertex list. Further problems arise when the 
clip boundary is a self-intersecting polygon, or 
comprises two or more independent polygons: for 
example, when the clip region has interior holes. In 

rs this case complications are introduced by the need 
to decide between the inside and outside of the 
clip region, and to make this decision at each point 
of intersection. 

A more fundamental problem is that the prior- 

20 art clipping process is unrelated to the raster out- 
put process. The clipping process is therefore 
completely distinct from the process of converting 
the clipped figure to the pixel form acceptable by a 
raster output device. Performing these two pro- 

25 cesses separately takes extra time, and requires 
separate processors. 



SUMMARY OF THE INVENTION 

30 

It is accordingly an object of the present inven- 
tion to clip an arbitrary subject figure against an 
arbitrary clip boundary by simple, rapidly perform- 
able operations. 

35 A further object of this invention is to perform 
the clipping process in a manner closely related to 
the raster output process. 

This invention provides both a clipping process 
and a clipping processor. 

40 The clipping process comprises the steps of: 

(a) Receiving information defining a clip re- 
gion in x-y coordinates, creating control data there- 
from, and storing the control data in a segment 
data control memory; 

45 (b) scanning the clip region, decomposing it 

into clip segments extending in the x-direction t 
creating clip segment data for the clip segments, 
and storing the clip segment data in a segment 
memory; 

so (c) initializing a scan-line y-coordinate to the 

smallest y-coordinate of the clip region; 

(d) scanning a subject figure to obtain sub- 
ject segments on the scan line with the scan-line y- 
coordinate; 
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(e) reading clip segment data for this scan 
line from the segment memory, generating clipped 
segments by clipping the subject segments against 
the clip segment data, converting the clipped seg- 
ments to pixel data, and outputting the pixel data; 

(f) deciding whether the subject figure has 
been completely scanned; and 

(g) if the subject figure has not been com- 
pletely scanned, incrementing the scan-line y-co- 
ordinate by one and returning to step (d). 

The clipping processor comprises: 
a bus for the interchange of data and address 
information among the elements described below; 
a scan converter for scan-converting a clip region 
and subject figure, decomposing them into clip 
segments and subject segments, respectively, ex- 
tending on scan lines in the x-direction in an x-y 
coordinate system, and generating clip segment 
data and subject segment data; 
a segment memory for storing the clip segment 
data; 

a segment data control memory for storing control 
data describing the structure of the segment mem- 
ory; 

a clipper for receiving subject segment data for the 
subject segments disposed on one scan line from 
the scan converter, receiving clip segment data 
describing a clip segment disposed on the same 
scan line from the segment memory, and generat- 
ing clipped segments comprising those portions of 
the subject segments that are common to the clip 
segment; 

a segment-to-pixel converter for receiving the 
clipped segments from the clipper, converting them 
to pixel data, and outputting the pixel data; 
an arithmetic and logic unit for performing 
arithmetic and logic operations when requested by 
other elements of the clipping processor; and 
a control unit for controlling the scan converter, 
clipper, and segment-to-pixel converter, and con- 
trolling access to the segment memory according 
to data stored in the segment data control memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of the novel clip- 
ping processor. 

Fig. 2 is a schematic drawing illustrating the 
segmentation of the clip region. 

Fig. 3 is a schematic drawing showing the 
structure of the segment memory in Fig. 1 . 

Fig. 4 is a schematic drawing showing the 
structure of the segment data control memory in 
Fig. 1. 

Fig. 5 is a general flowchart of the novel 
clipping process. 



Fig. 6 is a more detailed flowchart of the 
process of creating data for the segment data 
control memory. 

Fig. 7 is a more detailed flowchart of the 
5 process of creating data for the segment memory. 

Fig. 8 is a schematic drawing illustrating the 
creation of segment data by a DDA algorithm. 

Fig. 9 is a schematic drawing illustrating the 
even-odd algorithm. 
jo Rg. 10 is a schematic drawing illustrating 

the non-zero-winding algorithm. 

Fig. 1 1 is a schematic drawing illustrating a 
case in which the even-odd and non-zero-winding 
algorithms create different numbers of segments. 
;s Rg. 12 is a more detailed flowchart of the 

process of clipping subject segments on one scan 
line. 

Rg. 13 is a schematic diagram illustrating 
the clipping of subject segments against a clip 
20 segment. 

Rg. 14 is a schematic drawing illustrating 
the structure of the segment data memory when 
there are multiple clip regions. 

Fig. 15 is a drawing showing examples of 
25 the storage of segment data in different segment 
memory regions. 

DETAILED DESCRIPTION OF THE EMBODI- 
30 MENTS 

A novel clipping process and novel clipping 
processor embodying the present invention will be 
described below with reference to the drawings. 

35 The novel clipping process can be summarized 
as follows. The process operates on a subject 
figure and a clip region, both of which may be 
given by boundary information such as a vertex list 
or a set of parametrized curves, and generates a 

40 clipped figure in pixel form suitable for output by a 
raster output device. The boundary of the clip 
region, referred to as the clip boundary, is in gen- 
eral a closed polygon or curve. The process begins 
by scan-converting the clip region, thereby de- 

45 composing it into segments disposed on the scan 
lines of the raster output device, and storing clip 
segment data for these segments. Then it similarly 
scan-converts the subject figure and clips each of 
the resulting subject segments against the clip 

so segment data for the same scan line. Finally, it 
converts the clipped segments to pixel data. 

The novel clipping processor comprises a con- 
trol unit, a clipper, converters, memory, and other 
units necessary for carrying out the novel clipping 

55 process. 

The novel clipping processor will be described 
with reference to Figs. 1 to 4. The novel clipping 
process,will be described with reference to Figs. 5 
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to 13. Variations of the novel clipping processor 
and process will be described with reference to 
Figs. 14 and 15. 

The description will deal specifically with the 
case in which the subject figure is a graphic primi- 
tive comprising an area bounded by, for example* a 
polygon or an elementary curve such as a circle, 
ellipse. Bezier curve, or spline curve. The clip 
boundary will also be assumed to be a polygon or 
curve of this type, and will be assumed to be 
closed. 

Fig. 1 is a block diagram of a novel clipping 
processor 1 which receives a subject figure and a 
clip region, clips the subject figure against the clip 
region, and converts the clipped subject figure to 
pixels which it generates as output. The output 
pixels may be stored in a drawing memory 2, from 
which they can be read out in raster sequence and 
furnished to raster output device such as a printer 
3 or CRT display 4 to be printed or displayed. 

The clipping processor 1 comprises a scan 
converter 5, a segment memory 6, a segment data 
control memory 7. a clipper 8, a segment-to-pixel 
converter 9. an arithmetic and logic unit (ALU) 10, 
and a control unit 11, all of which are intercon- 
nected by a bus 12. 

The scan converter 5 receives the subject fig- 
ure and clip region, decomposes them into seg- 
ments disposed on the scan lines of the raster 
output device, and generates segment data as out- 
put. The segments of the clip region will be re- 
ferred to as clip segments, and their data as clip 
segment data. The segments of the subject -figure 
will be referred to as subject segments, and their 
data as subject segment data. The scan converter 
5 can be embodied either in special-purpose hard- 
ware, or in software executing on, for example, a 
general-purpose microprocessor with memory. 

The segment memory 6 stores the clip seg- 
ment data obtained by the scan converter 5. The 
segment memory 6 comprises memory elements 
such as RAM chips, or portions thereof. 

The segment data control memory 7 stores 
various data generated by the control unit 11, 
needed when the segment memory 6 is accessed. 
The segment data control memory 7 comprises 
memory elements such as RAM chips, or portions 
thereof. 

The clipper 8 receives the subject segment 
data for one scan line from the scan converter 5 
and the clip segment data for the same scan line 
from the segment memory 6, and generates output 
data describing the set of segments comprising the 
common parts of the subject segments and clip 
segments; that is, it clips the subject figure on one 
scan line. The clipper 8 can be embodied either in 
special-purpose hardware or in software executing 
on, for example, a general-purpose microprocessor. 



The segment-to-pixel converter 9 receives the 
output data generated by the clipper 8 and gen- 
erates pixel data for the segments described there- 
by. These pixel data are the final output of the 

s clipping processor 1, which are furnished to the 
drawing memory 2. The segment-to-pixel converter 
9 can be embodied either in special-purpose hard- 
ware or in software executing on. for example, a 
general-purpose microprocessor. 

io The control unit 11 has an internal program 

memory storing instructions for executing the pro- 
grams shown in Figs. 5, 6, 7, and 12. according to 
which it controls the preceding functional blocks. 
The control unit 11 can be embodied either in 

75 special-purpose hardware or in general-purpose 
hardware such as a microprocessor with read-only 
memory elements. 

The arithmetic and logic unit 10 performs 
arithmetic and logic operations requested by the 
20 scan converter 5, the clipper 8, the segment-to- 
pixel converter 9. and the control unit 1 1 , furnishing 
the results to the requesting unit. The arithmetic 
and logic unit 10 is embodied in special-purpose 
hardware. 

25 Detailed descriptions of the special-purpose 
hardware, software, general-purpose microproces- 
sor, and memory elements mentioned above will 
be omitted, because all are weft known and their 
structure will be apparent to one skilled in the art 

30 A more detailed description of the data struc- 
ture of the segment memory 6 and the segment 
data control memory 7 will be furnished below. 
First, however, it is necessary to give a brief ex- 
planation of the scan conversion of the clip region 

35 with reference to Fig. 2. 

Fig. 2 shows a clip region CP bounded by a 

simple polygon with vertices P1, P2 which are 

given by coordinates in an x-y coordinate system. 
The scan converter 5 decomposes the clip region 

40 CP into segments Si, S2, ... along the scan lines of 
a raster output device (the printer 3 or CRT 4 in 
Fig. 1), which extend in the x-direction. and gen- 
erates data describing each segment by giving its 
starting and ending points. In Fig. 2 the clip region 

45 is scanned in the positive y-direction, from top to 
bottom, this being the increment direction of the 
scan lines. The x-direction will be referred to as the 
raster-line direction or scan-line direction. 

The vertices of the clip region are of three 

so types: leading vertices, trailing vertices, and other 
vertices. A leading vertex is a local peak of the 
boundary line with respect to the negative y-direc- 
tion; in Fig. 2 the vertices P1 and P4 are leading 
vertices. A trailing vertex is a local valley of the 

55 boundary line with respect to the negative y-direc- 
tion; in Fig. 2, the vertices P3 and P5 are trailing 
vertices. 

It is apparent that when the clip boundary Is 
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traced in a certain direction, such as the coun- 
terclockwise direction, leading and trailing vertices 
must follow each other alternately, for the same 
reason that peaks alternate with valleys in a moun- 
tain range. More precisely, when a leading vertex is 
encountered, the boundary line turns down. Since 
the boundary is a closed curve, it must eventually 
turn upward again, the point at which it turns up- 
ward being a trailing vertex. Similarly, after turning 
upward, the boundary line must turn down again, 
the point at which it turns down being a leading 
vertex. 

It follows that the leading and trailing vertices 
form pairs comprising a leading vertex and the 
trailing vertex that follows it when the boundary is 
traced in a certain direction. In Fig. 2, if the tracing 
direction is counterclockwise, the leading vertex P1 
and the trailing vertex P3 form a pair, and the 
leading vertex P4 and the trailing vertex P5 form a 
pair. If the tracing direction is clockwise, the lead- 
ing vertex P1 and the trailing vertex P5 form a pair, 
and the leading vertex P4 and the trailing vertex P3 
form a pair. 

To ensure correct pairing, boundaries such as 
rectangles that comprise horizontal lines require 
special consideration. For example, a leading ver- 
tex can be defined as a vertex that is higher than 
the preceding vertex and not lower than the follow- 
ing vertex, and a trailing vertex as a vertex that is 
lower than the preceding vertex and not higher 
than the following vertex. 

It can also be seen from Fig. 2 that the section 
of the clip boundary from a leading vertex to the 
next trailing vertex meets a number scan lines 
equal to the difference between the y-coordinates 
of the leading vertex and the trailing vertex, plus 
one. In the segment decomposition this number is 
the number of segments meeting that section of 
the boundary line. It is also apparent that each 
segment meets just one such a section of the 
boundary line. If the boundary line is traced in the 
counterclockwise direction, for example, then each 
segment meets such a section of the boundary line 
at its left end. Hence the total of these numbers for 
all the leading and trailing vertex pairs is equal to 
the total number of segments in the segment de- 
composition. 

Curved boundaries can be handled in the same 
way as polygons, with leading and trailing vertices 
defined similarly as local peaks and valleys. 

The data structure of the segment memory 6 
will now be described with reference to Fig. 3. 

In the memory area addressed by a single 
address in Fig. 3 are stored a flag indicating wheth- 
er or not a word of clip segment data is stored in 
that memory area, and a word comprising the x- 
coordinate of the clip segment starting point and 
the x-coordinate of the clip segment ending point 



The x-y coordinate system is as shown in Fig. 2. 
Segment data like this are stored for all of the 
segments into which the clip region is decom- 
posed. 

5 The segment memory 6 is partitioned into re- 

gions Ri corresponding to the pairs of leading and 
trailing vertices. Each region Ri stores segment 
data for hi clip segments, where hi is one more 
than the difference between the y-coordinate of the 

/o leading vertex and the y-coordinate of the trailing 
vertex. 

When two or more clip segments are disposed 
on the same scan line, their segment data are 
stored in different regions Ri. 
75 Next the data structure of the segment data 
control memory 7 will be described with reference 
to Fig. 4. 

The segment data control memory 7 stores 
pointers and other control data for accessing the 

20 clip segment data in the segment memory 6. More 
specifically, it stores a pointer to the top of each 
region Ri in the segment memory 6, and data 
indicating the range of y-coordinates of the clip 
segments described in that region. 

25 The stored data explicitly comprise a root 

pointer rp, leading vertex pointers vpi, leading- 
vertex y-coordinates yi, word lengths hi of the 
regions, and segment memory pointers smpi. Ex- 
cept for the root pointer rp, these data data are 

30 Stored in respective blocks for the .regions Ri in the 
segment memory 6. 

The root pointer rp is a pointer to the first 
leading vertex pointer vp1 . 

The leading vertex pointers vpi are a chain of 

35 pointers linking the blocks in ascending order of 
their leading-vertex y-coordinates yi, and are used 
to search the blocks sequentially in the increment 
direction of the scan lines 

The leading-vertex y-coordinate yi is the y- 

40 coordinate of the first clip segment stored in region 
Ri in the segment memory 6. It is used together 
with the word length hi to decide whether the 
region Ri contains clip segment data for a specific 
y-coordinate, and together with the segment mem- 

45 ory pointer smpi to calculate the address of those 
clip segment data if present. 

The word length hi is the number of words in 
region Ri in the segment memory 6. 

The segment memory pointer smpi is a pointer 

so to the top of the region Ri in the segment memory 
6. 

Next a description of the novel clipping pro- 
cess will be given. This description will also serve 
as a description of the operation of the novel ciip- 
55 ping processor. 

First a general description of the novel clipping 
process will be given with reference to the 
flowchart in Fig. 5. 
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The process begins with the creation of control 
data and the storage of these control data in the 
segment data control memory 7 (step 100). The 
details of this process will be shown in the 
flowchart in Fig. 6. 

Next, the clip region is scanned and decom- 
posed into clip segments, and clip segment data 
are created and stored in the segment memory 6 
(step 101), using the control data created in the 
preceding step. The details of this process will be 
shown in the flowchart in Fig. 7. 

When the clip segment data and the control 
data needed for accessing these data have been 
created and stored, the scan-line y-coordinate ys is 
initialized to the leading-vertex y-coordinate having 
the smallest value (step 1 02). 

Next the subject figure is scanned to find the 
subject segments thereof which are disposed on 
the scan line with y-coordinate ys (step 103). Then 
the clip segment data for this scan line are read 
from the segment memory 6 using the control data 
in the segment data control memory 7; the subject 
segments are clipped to extract the parts they have 
in common with the clip segments; and the ex- 
tracted, clipped segments are converted to pixel 
data and output (step 104). Details of this segment 
clipping process will be shown in the flowchart in 
Fig. 12 and schematic diagram in Fig. 13. 

When the clipping of segments on a single 
scan line has been completed in this way, a de- 
cision is made as to whether the entire subject 
figure has been scanned: more specifically, wheth- 
er the clipping process has been completed for all 
scan lines that intersect the subject figure and the 
clip region (step 105). If the decision result is 
negative, the scan-line y-coordinate ys is incre- 
mented to the next y-coordinate value (step 106) 
and the process returns to step 103. If the decision 
result is affirmative, the clipping process termi- 
nates. 

Next the creation of data for the segment data 
control memory 7 carried out in step 100 in Fig. 5 
will be described in detail with reference to Fig. 6. 
The strategy followed in this process is to proceed 
around the clip boundary in, for example, the coun- 
terclockwise direction, consider successive ver- 
tices, and identify pairs of leading and trailing ver- 
tices. For each pair of leading and trailing vertices 
identified, a leading-vertex y-coordinate yi, word 
length hi, and segment memory pointer smpi are 
calculated and stored in the segment data control 
memory 7, together with a leading vertex pointer 
vpi. 

First the clip region is input and its boundary 
data are structured in a form suitable for later 
processing and temporarily stored (step 120). If the 
clip region is a polygon given by a vertex list, the 
vertex list reordered in, for example, the coun- 



terclockwise direction. 

Next an index parameter i indicating a region in 
the segment memory 6 is initialized to 1, thus 
indicating the region RI, and a segment memory 
5 parameter smp is initialized to the top address of 
the segment memory, for example the address 0 
shown in Fig. 6 (step 121). 

Next the clip boundary is traced in the coun- 
terclockwise direction, for example, and a vertex 
w that is not a trailing vertex is selected as the initial 
vertex (step 122), also becoming the current vertex 
under consideration at this point. 

When this initialization is complete, a decision 
is made as to whether the current vertex is a 
75 leading vertex or not (step 123). If the result of this 
decision is negative, the next vertex reached in the 
counterclockwise direction from that vertex is taken 
as the current vertex (step 124) and a decision is 
made as to whether it is the initial vertex (step 
20 125). If it is not the initial vertex the process returns 
to step 123. Steps 123 to 125 are repeated until a 
leading vertex is found, giving an affirmative result 
in step 123. If the initial vertex is found, giving an 
affirmative result in step 125, the process proceeds 
25 to step 134 described later. 

When a leading vertex is found in this way, its 
y-coordinate is stored in the segment data control 
memory 7 as the leading-vertex y-coordinate yi of 
the i-th region Ri. and is temporarily stored as an 
30 initial y-parameter VI to be used in the calculation 
of the word length hi described later. The value of 
the segment memory parameter smp is stored in 
the segment data control memory 7 as the seg- 
ment memory pointer smpi to the region Ri (step 
35 126). 

Next a decision is made as to whether the 
current vertex is a trailing vertex or not (step 127), 
If the decision result is negative, the next vertex 
reached in the counterclockwise direction from that 

40 vertex on the boundary is taken as the current 
vertex and the process returns to step 127 (step 
128). Repetition of this process leads to the finding 
of the trailing vertex paired with the leading vertex 
obtained in step 123, at which point an affirmative 

45 result is obtained in step 127. 

The y-coordinate of this trailing vertex is stored 
as the final y-parameter VO (step 129). Then a 
word length hi is calculated from the afore-men- 
tioned initial y-parameter VI and the final y-param- 

so eter VO according to the equation: 
hi = VO • VI + 1 

This value is stored in the segment data control 
memory 7 as the word length hi of the region Ri. 
This word length hi is also added to the segment 
55 memory parameter smp, updating the value of the 
segment memory parameter smp for use with the 
next pair of leading and trailing vertices (step 130). 
When the leading-vertex y-coordinate yi, the 
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word length hi. and the segment memory pointer 
smpi for the region Ri have thus been stored in the 
segment data control memory 7, the next vertex in 
the counterclockwise direction around the clip re- 
gion is taken as the current vertex (step 131) and a 
decision is made as to whether or not this vertex is 
the initial vertex selected in step 122 (step 132). 

If the result of this decision is negative, the 
index parameter i is incremented and the process 
returns to step 123, to find the leading and trailing 
vertices of the next region Ri and store control data 
for that region Ri in the segment data control 
memory 7 (step 133). 

If the result of this decision is affirmative, in- 
dicating that a complete circuit of the clip boundary 
has been made, leading vertex pointers vp1 to vpn 
are created, linking the blocks of control data for 
the regions Ri in ascending order of their leading- 
vertex y-coordinates yi. In addition, the address of 
the first leading vertex pointer vp1 is stored in the 
root pointer rp (step 134). This completes the cre- 
ation of control data for the segment data control 
memory 7. 

Next the detailed process of decomposing the 
clip region into segment data and storing the seg- 
ment data thus created in the segment memory 6 
(step 101 in Fig. 5) will be described with reference 
to Fig. 7. In this process the clip region is scanned 
and decomposed into clip segments; the x-coordi- 
nates of the starting and ending points of these clip 
segments are stored in the segment memory 6 at 
an address calculated from the y-coordinate of the 
clip segment, a segment memory pointer smpi, 
and a leading-vertex y-coordinate yi; and a flag is 
set to indicate that clip segment data have been 
stored at this address. 

First, the scan-line y-coordinate ys is set to the 
smallest y-coordinate in the clip region (step 140). 
Specifically, the root pointer rp in the the segment 
data control memory 7 is read to obtain the ad- 
dress of the first word in the first control data block 
(the word containing the leading vertex pointer 
vp1). and the value in the next word, this being the 
leading-vertex y-coordinate y1, is assigned to ys. 
Then the index parameter i is initialized to its initial 
value of 1. (step 141). 

Next, the data for one clip segment on that 
scan line are generated, comprising the x-coordi- 
nate of the starting point and the x-coordinate of 
the ending point (step 142). 

If the clip segment is a point (vertex), the same 
value is generated for the x-coordinates of the 
starting and ending points. If it is a segment of 
finite length and the clip boundary is a polygon, the 
segment data are generated by a well-known digital 
differential analyzer (DDA) algorithm. If the bound- 
ary line follows a Bezier curve or spline curve, the 
segment data are generated by a suitable modifica- 



tion of the difference in the well-known forward 
difference algorithm, which is a type of DDA al- 
gorithm. Ether the even-odd algorithm or the non- 
zero-winding algorithm is applied to make the nec- 

5 essary discrimination between the inside and out- 
side of the clip region. The DDA, even-odd. and 
non-zero winding algorithms will be described later. 

A decision is next made as to whether the 
scan-line y-coordinate ys is equal to or greater than 

70 the leading-vertex y-coordinate yi and equal to or 
less than the y-coordinate (yi + hi - 1) of the 
trailing vertex paired with that leading vertex; that 
is. whether region Ri of the segment memory 6 has 
a word available in which to store the segment data 

75 (step 143). If a negative result is obtained, the 
index parameter i is incremented and the process 
returns to step 143 to test the next region Ri (step 
144). 

It should be understood that whenever the in- 
20 dex parameter i is incremented, the current leading 
vertex pointer vpi is first read to obtain the address 
of the next bloc of control data. Explicit mention of 
the reading of leading vertex pointers will be omit- 
ted hereinafter. 
25 When a region Ri with an available word is 

found in this way, an address ad is calculated from 
the current scanline y-coordinate ys, the leading- 
vertex y-coordinate yi of the region Ri, and the 
segment memory pointer smpi according to the 
30 following equation: 
ad = ys.-yi + smpi 

The segment data are stored in the word at this 
address in the segment memory 6, and the flag of 
this address is set (step 145). 

35 Next the index parameter i is incremented 
(step 146). and a decision is made as to whether or 
not data have been created for all segments on the 
current scan line (step 147). If a negative result is 
obtained, the process returns to the above-de- 

40 scribed step 142 and the same process is repeated 
for the next segment on the scan line. 

When it is determined that data have been 
created for all the segments on the current scan 
line, a decision is made as to whether this process 

45 has been completed for all scan lines that intersect 
the clip region (step 148). If it has not the scan-line 
y-coordinate ys is incremented and the process 
returns to step 141 above to create and store data 
for the segments on the next scan line. 

so When data for all segments on all scan lines 
intersecting the clip region have been created and 
stored, giving an affirmative result in step 148. the 
process ends. 

Normally this process results in the storage of 

55 hi words of clip segment data in respective regions 
Ri in the segment memory 6, because hi is equal 
to the difference between the y-coordinates of the 
i-th leading and trailing vertices plus 1. as cal- 
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culated in step 130 in Fig. 6, and this is also the 
number of clip segments meeting the clip bound- 
ary between those two vertices, as pointed out in 
Fig. 2. The data structure of the segment memory 
6 thus normally provides exactly enough space to 
store all the clip segment data It never provides 
less than enough space. In special situations de- 
scribed later it may provide excess space, in which 
case unoccupied words can be identified by their 
flags. 

Next the DOA algorithm employed in step 142 
to generate segment data in the case of a poly- 
gonal clip boundary will be briefly described with 
reference to Fig. 8. 

In Fig. 8, suppose that the x-coordinates xs 
and xe of the starting and ending points of a 
segment in a certain scan line have already been 
generated. The DDA algorithm generates the x- 
coordinates of the starting and ending points of the 
segment below this segment in the next scan line 
by adding an increment Axs to the value of xs and 
an increment Axe to the value of xe. In Fig. 8 Axs 
is negative and Axe is positive. Further segments 
are obtained in the same way. The values of Axe 
and Axs depend on the slope of the boundary lines 
and are adjusted to integer values compatible with 
raster output by tracking the error between the 
integer values and the true values. 

The DDA algorithm thus obtains each segment 
from the segment above it by simple addition and 
subtraction operations, which can be carried out 
rapidly and are suitable for implementation in spe- 
cial high-speed computational hardware.' 

In addition to generating segments, it is neces- 
sary to check whether each segment lies inside or 
outside the clip region. A description will next be- 
given of the algorithms employed for this purpose. 
This description will mention the case of self-inter- 
secting clip boundaries and show that even in such 
cases, the data structures of the segment memory 
6 and segment data control memory 7 provide 
enough memory space for the storage of all clip 
segment data. 

One method of discriminating the inside and 
outside of the clip region is the even-odd algorithm 
illustrated in Fig. 9, which consists in drawing a ray 
from a base point definitely located outside the clip 
region and counting its intersections with the clip 
boundary, starting from the base point. The interval 
from a boundary position where the count is odd to 
the next boundary position where the count be- 
comes even is determined to lie inside the clip 
region. 

When the even-odd algorithm is used to gen- 
erate segments, the rays are directed in the scan- 
line direction. A ray intersecting the clip boundary 
at 2n points generates n segments. Consider a pair 
of scan lines disposed just above and below a 



leading vertex; it is evident that the lower scan line 
will have two more intersections than the upper 
one, hence it will generate one more segment than 
the upper one. Similarly, a scan line disposed just 

5 below a trailing vertex will have one less segment 
than the scan line disposed just above that trailing 
vertex. It follows that when segments are generated 
using the even-odd algorithm, the i-th pair of lead- 
ing and trailing vertices will give rise to a number 

10 of segments equal to the difference between their 
y-coordinates plus one, which is the value hi. The 
amount of segment data generated will therefore 
exactly fill the space allocated in the segment 
memory 6. 

75 An alternative method of discriminating inside 
and outside of the clip region is the non-zero- 
winding algorithm illustrated in Fig. 10. This al- 
gorithm considers a ray extending from a base 
point disposed definitely outside the clip region, 

20 and assigns a decision parameter to each point on 
the ray by assigning the decision parameter 0 to 
the base point, decrementing the decision param- 
eter by -1 whenever the clip boundary crosses the 
ray in the downward direction, incrementing the 

25 decision parameter by 1 whenever the boundary 
crosses the ray in the upward direction, and not 
changing the decision parameter at other points on 
the ray. The part where the decision parameter is 0 
is determined to be outside the boundary and the 

30 part where it is not 0 is determined to be inside. 

The* non-zero-winding algorithm normally gives 
the same results as the even-odd algorithm, gen- 
erating exactly enough segment data to fill the 
segment memory 6. 

35 For a self-intersecting clip boundary, however, 

the even-odd and non-zero-winding algorithms may 
produce different results. Consider for example the 
clip boundary illustrated in Fig. 11. On the scan 
line LS, the non-zero-winding algorithm treats the 

40 interval from P1 to P4 as a single segment while 
the even-odd algorithm treats it as two segments, 
such as one segment from P1 to P3 and another 
from P2 to P4 (the intersections being marked as 
even or odd according to their order on the clip 

4$ boundary rather than their order on the ray). 

The non-zero-winding algorithm may thus give 
a smaller number of segments than the even-odd 
algorithm, but it never gives a larger number. The 
data structure of the segment memory 6 will there- 

so fore always be at least adequate to store the seg- 
ment data generated using the non-zero-winding 
algorithm. 

Next the detailed process of reading the clip 
segment data for the scan line with y-coordinate ys 
55 from the segment memory 6 and clipping the sub- 
ject segments on that scan line according to these 
segment data (step 104 in Fig. 5) will be described 
with reference to the flowchart in Fig. 12. 
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In this process, first the root pointer rp is 
fetched from the segment data control memory 7 
and its value is assigned to a block parameter b 
indicating the address of a block of data in the 
segment data control memory 7 (step 160). The 
word after this address is then read to obtain a 
leading-vertex y-coordinate yi, and a decision is 
made as to whether the scan-line y-coordinate ys 
is equal to or greater than yi (step 161). If the 
decision result is negative, the process proceeds to 
step 167 described later. If the result is affirmative, 
the word length hi is added to yi and a decision is 
made as to whether or not the the scan-line y- 
coordinate is strictly less than the result (step 162). 
Once again, if the result is negative, the process 
proceeds to step 167 described later. 

The purpose of steps 161 and 162 is to deter- 
mine whether or not region Ri of the segment 
memory 6 includes segment data for a clip seg- 
ment having a y-coordinate equal to the scan-line 
y-coordinate ys. An affirmative result in step 162 
indicates that such segment data may be present. 

If an affirmative result is obtained in step 162, 
next a read address ad in the segment memory 6 
is generated according to the following formula, • 
using the segment memory pointer smpi (step 

163) : 

ad = ys - yi + smpi 

Next the flag at the address ad in the segment 
memory 6 is read to determine whether clip seg- 
ment data are actually stored at this address (step 

164) . If the flag is not set. indicating that clip 
segment data are not stored, the process proceeds 
to step 167 described later. If the flag is set, 
indicating the presence of clip segment data, the 
segment data are read from address ad (step 165). 

When the data for one clip segment on the 
current scan line have been obtained from the 
segment memory 6 in this way, the subject seg- 
ments on this scan line are clipped against this clip 
segment and the clipped segments are converted 
to pixel data for output (step 166). This step will be 
described in more detail later. 

When this step is completed, or when a nega- 
tive result is obtained in step 161, 162, or 164 
above, a decision is made as to whether or not the 
value of the block parameter b has reached the 
end of the chain of leading vertex pointers; that is, 
whether the current leading vertex pointer vpi is the 
last in the chain (step 167). If the result of this 
decision is negative, the value of the block param- 
eter b is updated to the value stored in the current 
leading vertex pointer vpi, this being the address of 
the next block of control data in the segment data 
control memory 7 (step 168); then the process 
returns to the step 161 to test for the presence of 
clip segment data for this scan line in the next 
region Ri. 



The process ends when an affirmative result is 
obtained in step 167, indicating that clipping of the 
current scan line and output of pixel data for this 
scan line have been completed. 
5 The process of clipping the subject segments 

on one scan line against a clip segment read from 
the segment memory 6 is illustrated schematically 
in Fig. 13. The starting and ending points of each 
subject segment SG are compared with the starting 
w and ending points of the clip segment SC, and 
pixel data are generated for the part SGC common 
to both segments. This process, which is per- 
formed by the clipper 8 and the segment-to-pixel 
converter 9 in Fig. 1, is extremely simple and fast, 
/s and can readily be implemented using high-speed 
special-purpose hardware. 

This completes the description of the novel 
clipping process. The steps of this process have 
been described in sequential order. Ignoring the 
20 order of steps, however, the process can be seen 
to comprise three main parts: the scan-conversion 
of the clip region to generate clip segment data, 
the scan-conversion of the subject figure and its 
conversion to pixel data, and the actual clipping 
25 process. 

The scan-conversion of the subject figure and 
its conversion to pixel data are steps that must be 
performed in any case to output the subject figure, 
so including them in the clipping process does not 
30 require any extra hardware of software. 

The scan-conversion of the clip region is simi- 
lar to the scan-conversion of the subject figure. It 
can therefore be carried out by essentially the 
same hardware or software, adding only a few 
as functions to store the segment data in the scan 
memory 6 and the control data in the segment data 
control memory 7. 

The actual clipping step, depicted in Rg. 13, 
requires only elementary operations. It can easily 
40 be performed as an adjunct to the conversion of 
the subject figure to pixel data. 

The novel clipping process is therefore per- 
formable with high efficiency in terms of both hard- 
ware and software. In particular, even when the 
45 subject figure and/or the clip boundary are defined 
by high-order curves such as Bezier curves or 
spline curves, the novel clipping process does not 
require the solution of high-order algebraic equa- 
tions as is necessary in the prior art. Marked im- 
so provements in processing speed can be antici- 
pated. 

Clip regions with highly irregular boundaries or 
interior holes present no special problems to the 
novel clipping process, these regions being re- 
55 duced to segment data in the same way as other 
clipping regions. For these types of regions also, 
marked improvements in performance over the pri- 
or art are expectable. 
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Although the novel clipping process requires 
memory for the storage of segment data, the re- 
quirements are modest. Since the clip region is 
stored in the form of segment endpoint coordi- 
nates, it is stored in a compressed manner requir- 5 
ing much less memory space than if it were to be 
stored as a bit-map mask, for example. 

The scope of this invention is not limited to the 
embodiments described above, but encompasses 
many variations that will be obvious to one skilled 10 
in the art. Some of these variations are listed 
below. 

(1) The clip region was described as being a 
single region bounded by a closed curve, but this 
invention can also be applied when there are mui- 75 
tiple clip regions bounded by independent closed 
curves. These regions may be distinct, or they may 
overlap. This case can conveniently be handled by 
furnishing the segment data control memory 7 with 
a plurality of root pointers rpl, rp2, ... correspond- 20 
ing to respective clip regions, as illustrated in Fig. 
14, and storing the control data for each clip region 
in one area. 



(5) The novel clipping process was de- 
scribed for the case in which the subject figure was 
a graphic primitive, but it is equally applicable to 
other subject figures, such as bit-mapped char- 
acters. In this case the actual clipping step consists 
in simply selecting for output those bits disposed 
between the starting and ending points of a clip 
segment Bit-mapped pictorial images or virtual im- 
ages can be similarly clipped. 

(6) The novel clipping processor was further- 
more described as receiving input of the clip region 
and subject figure in a coordinate system compati- 
ble with the raster output device, but it is possible 
to perform the clipping process in a user coordi- 
nate system and transform the results to device 
coordinates when the output pixel data are stored 
in the drawing memory 2. 

(7) The segment data control memory 7 was 
described as being organized by a chain of point- 
ers, but it can also be structured as an array, 
without using pointers. 



Instead of being a closed curve; the clip 25 
boundary can be a line or curve such as a parabola 
that extends to infinity (more precisely, to the limits 
at the device coordinate system). Clip segment 
data can still be generated by a DDA algorithm. • 

(2) When data are created for the segment 30 
data control memory, the clip boundary can be 
traced in either the clockwise or counterclockwise 
direction. The regions in which the segment data 

for different segments on the same scan are stored 
in the segment memory 6 will change as illustrated 35 
in Fig. 15. Similarly, data for segments on the 
same scan line can be stored in ascending or 
descending order of their x-coordinates, again 
causing the storage regions to change. None of 
these changes affect the ability of the segment 40 
memory 6 to store all the segment data. 

(3) The novel clipping processor was de- 
picted as having only one scan converter, so it was 
described as first converting the clip region to 
segment data and storing it in the segment mem- 45 
ory 6, then then converting the subject figure to 
segments and clipping them, but it is also possible 

to provide a plurality of scan converters, convert 
both the clip region and the subject figure to seg- 
ments in parallel, and eliminate or simplify the so 
segment memory. 

(4) Instead of defining the starting and end- 
ing points of a segment, the segment data can 
define the segments in any other convenient way, 
such as by defining the segment starting point and 55 
length. 



Claims 

1. A clipping process for clipping a subject 
figure expressed in an x-y coordinate system 
against a clip region bounded by a clip boundary, 
comprising the steps of: 

(a) receiving information defining said clip 
region, creating control data therefrom, and storing 
said control data in a segment data control mem- 
ory; 

(b) from said control data and said informa- 
tion defining said clip region, scanning said clip 
region, decomposing said clip region into clip seg- 
ments extending in the x-direction in said x-y co- 
ordinate system, creating clip segment data for 
said clip segments] and storing said clip segment 
data in a segment memory; 

(c) initializing a scan-line y-coordinate to the 
smallest y-coordinate of said clip region; 

(d) scanning said subject figure to obtain 
subject segments, extending in said x-direction. 
disposed on the scan line with said scan-line y- 
coordinate; 

(e) reading said clip segment data for said 
scan line from said segment memory, generating 
clipped segments by clipping said subject seg- 
ments against said clip segment data, converting 
said clipped segments to pixel data, and outputting 
said pixel data; 

(f) deciding whether said subject figure has 
been completely scanned; 
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(g) if a negative decision result is obtained in 
step (f), incrementing said scan-line y-coordinate 
by one and returning to step (d). 

2. The clipping process of claim 1, wherein the 
step (a) comprises the steps of: 

proceeding around said clip boundary in a certain 
direction such as the counterclockwise direction, 
taking successive vertices on said clip boundary, 
and identifying alternate leading and trailing ver- 
tices, each leading vertex being paired with the 
trailing vertex that follows it; and 
for respective pairs of leading and trailing vertices, 
creating and storing in said segment data control 
memory a leading vertex pointer, a leading-vertex 
y-coordinate equal to the y-coordinate of the lead- 
ing vertex in said pair, a word length equal to the 
number of scan lines between the leading and 
trailing vertices in said pair, and a segment mem- 
ory pointer, said leading vertex pointers forming a 
chain. 

3. The clipping process of claim 2, wherein 
step (b) comprises the steps of; 

scanning said clip region and decomposing it into 
clip segments extending in said x-direction; 
storing the x-coordinates of the starting and ending 
points of respective clip segment as clip segment 
data in said segment memory according to their y- 
coordinates, said segment memory pointers, and 
said leading-vertex y-coordinates; and 
setting a flag to indicate that said clip segment 
data have been stored. 

4. The clipping process of claim 3, wherein the 
x-coordinates of said starting and ending points are 
generated by a DDA algorithm. 

5. The clipping process of claim 4, wherein an 
even-odd algorithm is used to discriminate between 
the inside and outside of said clip region. 

6. The clipping process of claim 4, wherein a 
non-zero-winding algorithm is used to discriminate 
between the inside and outside of said clip region. 

7. The clipping process of claim 2 t wherein 
said step (a) comprises the steps of: 

(a1) receiving data defining said clip bound- 
ary and storing it in an order such that said clip 
boundary can be traced in a certain direction; 

(a2) initializing an index parameter to the 
value 1 and a segment memory parameter to the 
top address in said segment memory. 

(a3) selecting a non-trailing vertex as an 
initial vertex and taking it as the current vertex; 

(a4) deciding whether said current vertex is a 
leading vertex: 

(a5) if a negative decision result is obtained 
in step (a3), taking the next vertex in said order as 
the current vertex. 



(a6) deciding whether said current vertex is 
said initial vertex and returning to step (a4) if it is 
not; 

(a7) if an affirmative decision result is ob- 
s tained in step (a4), assigning the y-coordinate of 
said current vertex to an initial y-coordinate param- 
eter, assigning said segment memory parameter to 
a segment memory pointer indexed by said index 
parameter, and storing said segment memory 
to pointer in said segment data control memory; 

(a8) deciding whether said current vertex is a 
trailing vertex; 

(a9) if a negative decision result is obtained 
in step (a8), taking the next vertex in said order as 
75 the current vertex and returning to step (a8); 

(a10) if an affirmative decision result is ob- 
tained in step (a8), assigning the y-coordinate of 
said current vertex to a final y-coordinate param- 
eter; 

20 (a1 1 ) subtracting said initial y-coordinate pa- 

rameter from said final y-coordinate parameter, 
adding one, assigning the result to a word length 
indexed by said index parameter, storing said word 
length in said segment data control memory, and 

25 adding said word length to said segment memory 
parameter; 

(a12) taking the next vertex in said order as 
the current vertex; 

(at 3) deciding whether said current vertex is 
30 an initial vertex; 

(a14) if a negative decision result is obtained 
in step (a13) ( incrementing said index parameter by 
one and returning to step (a4); 

(a15) if an affirmative decision result is ob- 
35 tained in step (a6) or step (a13), creating a chain of 
leading vertex pointers and storing them in said 
segment data control memory. 

8. The clipping process of claim 4, wherein 
40 said step (b) comprises the steps of: 

(b1) reading from said segment data control 
memory the leading-vertex y-coordinate of the first 
pair of leading and trailing vertices, and assigning it 
as an initial value to a scan-line y-coordinate. 
45 (b2) initializing an index parameter to an 

initial value such as one. 

(b3) scanning said clip region and obtaining 
the x-coordinates of the starting and ending points 
of one segment on the scan line with said scan-line 
so y-coordinate; 

(b4) reading from said segment control data 
memory said leading-vertex y-coordinate and word 
length indexed by said index parameter and decid- 
ing whether said scan-line y-coordinate is equal to 
55 or greater than said leading-vertex y-coordinate, 
but not greater than said leading-vertex y-coordi- 
nate plus said word length, minus one. 
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(b5) if a negative decision result is obtained 
in step (b4), incrementing said index parameter by 
one and returning to step (b4). 

(b6) if an affirmative result is obtained in 
step (b4), reading said segment memory pointer 
indexed by said index parameter, storing the x- 
coordinates of said starting and ending points as 
clip segment data at an address equal to said 
segment memory pointer plus said scan-line y- 
coordinate. minus said leading-vertex y-coordinate, 
and setting a flag at this address; 

(b7) incrementing said index pointer by one; 

(b8) deciding whether such clip segment 
data have been stored for ail segments on the scan 
line with said scan-line y-coordinate. and returning 
to step (b3) if they have not; 

(b9) deciding whether such clip segment 
data have been stored for all scan lines intersecting 
said clip region; 

(b10) if a negative result is obtained in step 
(b9), incrementing said scan-line y-coordinate by 
one and returning to step (b3). 

9. The clipping process of claim 4, wherein 
said step (e) comprises the steps of: 

(e1) initializing an index parameter to an 
initial value such as one; 

(e2) reading said leading-vertex y-coordinate 
indexed by said index parameter, deciding whether 
it is equal to or less than said scan-line y-coordi- 
nate, and proceeding to step (e8) described below 
if it is not 

(e3) reading said word' length indexed by 
said index parameter, deciding whether said scan- 
line y-coordinate is less than the sum of said 
leading-vertex y-coordinate and said word length, 
and proceeding to step (e8) described below if it is 
not; 

(e4) subtracting said leading-vertex y-coordi- 
nate from said scan-line y-coordinate, then adding 
said segment memory pointer indexed by said 
index parameter to obtain an address in said seg- 
ment memory; 

(e5) reading the flag at said address in said 
segment memory, deciding whether said flag is 
set, and proceeding to step (e8) described below if 
it is not; 

(e6) reading said clip segment data from 
said address in said segment memory; 

(e7) clipping said subject segments against 
said clip segment data to generate clipped seg- 
ments, converting said clipped segments to pixel 
data, and outputting said pixel data; 

(e8) deciding whether said index parameter 
indicates the last leading vertex pointer in said 
chain of leading vertex pointers; 



(e9) if a negative result is obtained in step 
(e8), incrementing said index parameter by one 
and returning to step (e2). 

5 10. The clipping process of claim 2, wherein 

said leading vertex pointers are chained in ascend- 
ing order of the y-coordinates of respective leading 
vertices, 

1 1 . A clipping processor for clipping a subject 
io figure expressed in an x-y coordinate system 
against a clip region bounded by a clip boundary, 
comprising: 

a bus for the interchange of data and address 
information; 

is a scan converter connected to said bus, for scan- 
converting said clip region and said subject figure, 
decomposing them respectively into clip segments 
and subject segments extending on scan lines in 
the x-direction in said x-y coordinate system, thus 

20 generating clip segment data and subject segment 
data; 

a segment memory connected to said bus, for 

storing said clip segment data; 

a segment data control memory connected to said 

25 bus, for storing control data describing the struc- 
ture of said segment memory; 
a clipper connected to said bus, for receiving sub- 
ject segment data for the subject segments dis- 
posed on one scan line from said scan converter, 

30 receiving clip segment data describing a clip seg- 
ment disposed on the same scan line from saib 
segment memory, and generating clipped seg- 
ments comprising those portions of said subject 
segments that are common to said clip segment; 

35 a segment-to-pixel converter connected to said 
bus, for receiving said clipped segments from said 
clipper, converting said clipped segments to pixel 
data, and outputting said pixel data; 
an arithmetic and logic unit connected to said bus, 

40 for performing arithmetic and logic operations when 
requested by other elements of said clipping pro- 
cessor; 

a control unit connected to said bus, for controlling 
said scan converter, said clipper, and said 
45 segment-to-pixel converter, and for controlling ac- 
cess to said segment memory according to data 
stored in said segment data control memory. 

12. The clipping processor of claim 11, wherein 
said control unit first causes said said scan con- 
so verter to scan-convert said clip region, then causes 
said scan converter to scan-convert said subject 
figure one scan line at a time, also causing said 
clipper and said segment-to-pixel converter to gen- 
erate clipped segments and pixel data for each 
55 scan line as said subject figure is scanned. 
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13. The clipping processor of claim 11, wherein 
said, segment memory comprises a plurality of 
words for storing the x-coordi nates of the starting 
and ending points of respective clip segments. 

14. The clipping processor of claim 13, wherein s 
said segment memory also has flags for indicating 
whether said x-coordinates are stored in respective 
words. 

1 5. The clipping processor of claim 1 1 , wherein 

said segment data control memory comprises a w 
root pointer and one or more blocks for storing a 
leading vertex pointer, a leading-vertex y-coordi- 
nate. a word length indicating the size of a region 
in said segment memory, and a segment memory 
pointer to the top of said region in said segment is 
memory, respective leading vertex pointers forming 
a chain and said root pointer indicating the address 
of the first leading vertex pointer in said chain. 

16. The clipping processor of claim 15, wherein 

said clip boundary comprises one or more closed 20 
curves, said leading vertex pointers form separate 
chains for respective closed curves, and said seg- 
ment data control memory has separate root point- 
ers for respective chains of leading vertex pointers. 

25 



30 



35 



40 



45 



50 



55 



EP 0 344 686 A2 



CM 
6 
LL- 



CS 
LL 




T 


i 


cr 






UJ 






1— 




i— 






cr 


cr 




u 


Q_ 







AU0W3W 

A 



•CNJ 



S13XId-01 
-1N3W93S 




-CJ5 



— 00 



viva 



AH0W3W 
1N3W93S 



— CD 



AU0W3W 
"lOtilNOD 



JLIND 
10UJLNCO 



I 



EP 0 344 686 A2 



FIG. 4 



FIG. 3 



rp 
VP1 

yi 

hi 
smp1 

VP2 

y2 

h2 
smp2 



CONTROL DATA 
6 



g! 


STARTING X- 
COORDINATE 


ENDING X- 
COORDINATE 






















i 
i 
i 
i 










! 
i 
i 



M >R1 



- < 
h2 



\R2 



hN >RN 



J. 



SEGMENT DATA 



EP 0 344 686 A2 



FIG. 5 



( START ) 



106- 



ys ■»• 1— ys 



CREATE 
CONTROL DATA 



I 



CREATE CLIP 
SEGMENT DATA 



INITIALIZE TO FIRST 
LEADING VERTEX 



100 



•101 



•102 



GET SUBJECT 
SEGMENTS 
ON LINE ys 



-103 



READ CLIP SEGMENT 
DATA FOR LINE ys, 
CLIP SUBJECT 
SEGMENTS , AND 
CONVERT TO PIXELS 




-104 



( END ) 



EP 0 344 686 A2 



( START ) 



FIG. 6 



GET CLIP 
BOUNDARY DATA 



1- 

0 



-smp 



SELECT NON- 
TR AILING VERTEX 
AS INITIAL VERTEX! 



-120 



•121 



122 



GET NEXTk 
VERTEX 




129 



Y-COORDINATE— 
— VO 



i+1 — i 



10n . VO-VI + 1— hi 
loU"- - smp+hi — smp 



CREATE LEADING 
VERTEX POINTERS 







-134 



EP 0 344 686 A2 



FIG. 7 



( START ) 



y1— ys 



-140 



1— i 



-141 



ii 



149 



ys+1— ^ys 



GENERATE DATA FOR 
ONE SEGMENT 



142 




1_I 



144 



i+1— i 



STORE SEGMENT DATA IN 
REGION Ri AND SET FLAG 



•145 




EPO 344-686 A2 



FIG. 8 




FIG. 10 



EP 0 344 686 A2 




FIG. 13 



BEFORE 
AFTER 



SG ,SC 

\ ±^ 



(SGC 



EP 0 344 686 A2 



FIG. 12 




GET SEGMENT DATA 
FROM ADDRESS ad 



-165 



CLIP SEGMENTS 
AND CREATE OUT- 
PUT PIXEL DATA 



-166 




EP 0 344 686 A2 

- » 



FIG. 14 



rp1 



rp2 



>ROOT POINTERS 



VP1.1 



yi 



hi 



smp1 



VP1.2 



y2 



h2 



smp2 



VP2.1 



CONTROL DATA 



6 



FLAG 


STARTING X- 
COORDINATE 


ENDING X= 
COORDINATE 







































hi 



h2 

i 



hN 



SEGMENT DATA 



EP 0 344 686 A2 



FIG. 15 



hi 



52 




h2 

1 

COUNTERCLOCKWISE 



Ih2 



hi 



h2 

1 



5 2 



CLOCKWISE 



4 

1 



i 



THIS PAGE BLANK (usfto) 



THIS PAGE BLANK 



;» 



0 



3 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



Hill Oil 111 1 13 Ell II 



0 344 686 A3 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 89109654.7 
© Date of filing: 29.05.89 



© int. ci.5:G06F 15/72 



® 


Priority: 01.06.88 JP 132848/88 


Tokyo 105(JP) 


® 


Date of publication of application: 


@ Inventor: Matsushiro, Nobuhito 




06.12.89 Bulletin 89/49 


Oki Electric Ind. Co., Ltd. 7-12,Toranomon 






1-chome 


® 


Designated Contracting States: 


Minato-ku Tokyo(JP) 




DE FR GB 


Inventor: Oyake, Ikuo 






Oki Electric Ind. Co., Ltd. 7-12,Toranomon 


® 


Date of deferred publication of the search report: 


1-chome 




22.01.92 Bulletin 92/04 


Minato-ku Tokyo(JP) 




Applicant: Oki Electric Industry Company, 


© Representative: Betten & Resch 




Limited 


Reichenbachstrasse 19 




7-12, Toranomon 1-chome Minato-ku 


W-8000 Munchen 5(DE) 



@ Clipping process and processor. 



CO 
< 

CO 
00 
CO 

CO 



o. 

UJ 



© A clipping processor clips a two-dimensional 
subject figure against a clip region by first scan- 
converting the clip region and storing it as endpoint 
data of clip segments, then scan-converting the sub- 
ject figure, clipping the subject segments a scan line 
at a time against each of the clip segments on that 
scan line, and converting the clipped segments to 
pixel data. The clipping process is thus efficiently 
combined with the standard processes of scan con- 
version and pixel generation, producing clipped data 
that are ready for raster output. The clipping process 
is moreover performable by simple, rapid DDA al- 
gorithms, even when the clip region is bounded by 
high-order curves such as Bezier curves and spline 
curves, and can easily be implemented in high- 
speed, dedicated hardware. 
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